UNCLASSIFIED

AD NUMBER

AD487030

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors; Critical Technol ogy; AUG
1966. Ot her requests shall be referred to

Arnol d Engi neering Devel opnent Center, Arnold
AFS, TN. This docunent contai ns export-
controll ed technical data.

AUTHORITY

AEDC |Itr, 23 Jan 1975

THISPAGE ISUNCLASSIFIED




i

——  AEDC-TR-66-154 ARCHIVE copy
= " DO NOT LOAN

H‘h

|
“I

Ly e
hnd - — )

]

DYNAMIC STABILITY TESTS ON THE
SNAP-27 FUEL CASK CONFIGURATION
AT MACH NUMBERS 6 AND 10

?
%E*%M o mem cemAl
B R A BRI S
:1 I:\ﬁ :—‘ } 1 I e

. \i .i-)(.l 'I-l‘.i‘i'd."'i(’x {

AF ADBOGT 20

P \

B. L. Uselton
ARO, Inc.

August 1966

This e enaL bezn o ooved ior public relefg_se — OQ)fOl
©_its distnbution is ualimited, 24 A 21
3 &rm L) .

N

This ddcument \s subject to spetial cxpbgt controls |~
andach transmittgl to fore¥gn governments 1 g0

ionals may be made only with prior approval of
he Atomic Energy Commission.

JHERE.LINND

L

PROPEF%T"{_ ’“‘ !‘.‘1;.8'. AR FORCE
/;'F"éiO(é(']:(J)):{‘ZR(J\i) |
VON KARMAN GAS DYNAMICS FACILITY
ARNOLD ENGINEERING DEVELOPMENT CENTER
AIR FORCE SYSTEMS COMMAND

ARNOLD AIR FORCE STATION, TENNESSEE

i

LI

AEDC TECHNICAL LIBRARY

YRR

ARRRRUNE R INETRULIFARLS

]

o



WTICES

When U. S. Government drawings specifications, or other data are usel for any purpose other than a
definitely retated Government procurement operation, the Gavernment thereby incurs no responsibulity
nor any obligalion whalsoever, and 1he: fact that the Government may have formulated, {furnished, or in
any way supplied ihe said drawings. specifications, or other data, 1s not ta be regarded by implhication
or otherwise, or 1n any manncr licenstng the holder or any other person or corporation, or conveying
any rights or permission lo manufacture, use, or sell any patenied invention that may 1 any way be
related thereto.

Qualified users may obtain copies of this report from the Defense Documentation Center.

Refercnces to named commereial products in this report are not to be considered 1n any sensc as an
enmlorsement of the product by the United States Arr Feree or the Gavernment.




AEDC-TR-66-154

DYNAMIC STABILITY TESTS ON THE
SNAP-27 FUEL CASK CONFIGURATION
AT MACH NUMBERS 6 AND 10

B. L. Uselton
ARO, Inc.

This document hzzbeen approved o.é)ubuc re

its distrbution 1s unfimited WO/ ‘93
W W 0/

This dogufent is subject t ecial export controls
and egch transmittal to for€ign ghvernments or foreign

nptonals fay be e only with_prior approval o /‘\
g the Atomic igy Commission.

A¥ - AEDC
Arvela AT Tern



AEDC.TR-66-154

FOREWORD

The work reported herein was done at the request of the Atomic
Energy Commission (AEC) for the General Electric Missile and Space
Division (GE-MSD) under AEC Activity No. 04, 30-01-41. 3.

The results of the tests presented were obtained by ARO, Inc.
(a subsidiary of Sverdrup & Parcel and Associates, Inc.), contract
operator of the Arnold Engineering Development Center (AEDC), Air
Force Systems Command (AFSC)}, Arnold Air Force Station, Tennessee,
under Contract AF40(600)-1200. The tests were conducted under ARO
Project No, VT1674 on April 14 and May 25, 1966. The manuscript
was submitted for publication on July 20, 1966,

This technical report has been reviewed and is approved.

Donald E. Beitsch Leonard T. Glaser
Major, USAF Colonel, USAF
AF Representative, VKF Director of Test

Directorate of Test
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ABSTRACT

Tests were conducted in the 40-in. supersonic wind tunnel and the
50-in. Mach 10 wind tunnel (Tunnels A and C) of the von Karman Gas
Dynamics Facility to determine the dynamic stability characteristics
of the SNAP-27 fuel cask configuration. These tests were conducted at
Mach numbers 6 and 10 using the forced oscillation technique, Data
were obtained at angles of attack from 0 to 14 deg for Reynolds num-
bers, based on centerbody diameter, ranging from 0.19 x 106 to
1.80 x 106,
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NOMENCLATURE

Reference area, based on centerbody diameter, 0, 0873 ft2
Pitching-moment coefficient, pitching meoment/q _Ad
acm/a(qd/ZVw)} e o ,

. Damping-in-pitch derivatives, 1/radian
dCm/ad(ad/2Vy)
Loocal slope of pitching-moment curve, 1/radian
Reference length, centerbody diameter, 0.333 it
Frequency of oscillation, cycles/sec
Model mass moment of inertia about the pivot axis, slug-ft2
Model length, in.

Angular restoring-moment parameter, ft-lb/radian

Angular viscous-damping-moment parameter, ft-1b-
sec/radian

Free-stream nominal Mach number

Pitching velocity, radians/sec

Free-stream dynamic pressure, lb/ft?
Reynolds number based on centerbody diameter
Input torque, ft-1b

Time, sec

Free-stream velocity, ft/sec

Distance from model nose to pivot axis, in.
Angle of attack, radians or deg

Time rate of change of angle of attack, radians/sec
Angular displacement, radians or deg

Angular velocity, radians/sec

Angular acceleration, radians/sec?

Angular frequency, radians/sec

Reduced frequency parameter, radians
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SECTION |
INTRODUCTION

The SNAP-27 power generator, stored externally on the Lunar
Excursion Module (LEM), is to be landed on the moon and assembled by
the astronauts. In the event of an aborted mission, the SNAP-27 fuel
cask will be separated from LEM and achieve an earth orbit. The fuel
cask must, therefore, have the capability to re-enter the earth’s atmos-
phere and to impact undamaged to avoid radioactive contamination of
the atmosphere.

In support of an aerodynamic design program conducted by GE-MSD,
static force, pressure, and dynamic stability tests were conducted at
AEDC at supersonic and hypersonic speeds. The dynamic stability tests
described in this report were conducted on the SNAP-27 fuel cask con-
figuration at Mach numbers 6 and 10 at Reynolds numbers, based on the
model centerbody diameter, ranging from 0.19 x 105 to 1.80 x 106 for
an angle-of-attack range from 0 to 14 deg. The tests, as outlined in
Table I, were conducted using a small amplitude (+3-deg), forced
oscillation balance.

SECTION I
APPARATUS

2.1 WIND TUNNELS

The 40-in. supersonic and 50-in. Mach 10 tunnels {(Gas Dynamlc
Wind Tunnels, Supersonic (A) and Hypersonic (C)) of the von Karman
Gas Dynamics Facility (VKF) are continuous, closed-circuit, variable
density wind tunnels. Tunnel A has a flexible-plate-type nozzle which
is automatically driven to produce Mach numbers from 1.5 to 6, The
tunnel has a 40- by 40-in. test section and operates at maximum stag-
nation pressures from about 29 to 200 psia at M, = 1.5 to 6 and at stag-
nation temperatures up to 300°F (M, = 6). Minimum operating pressures
are about one-tenth of the maximum.

Tunnel C has a 50-in. -diam contoured, axisymmetric, Mach 10
nozzle and operates at stagnation pressures from 200 to 2000 psia and
at stagnation temperatures up to about 1450°F, The model support is
capable of being retracted into a test section tank which can be sealed
from the airflow for model changes. A description of the tunnels and
airflow calibration information may be found in Ref. 1.
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2.2 FORCED OSCILLATION BALANCE

The small amplitude (+3-deg), forced oscillation balance system
used in the test program is a one-degree-of-freedom oscillatory system
incorporating a cross-flexure pivot, The balance (Fig. 1) is forced to
oscillate by an electromagnetic shaker motor located in the aft portion
of the sting. The angular displacement of the model is measured by a
strain-gage bridge mounted on a cross flexure, and the input torque to
the system is measured by a strain-gage bridge mounted at the mini-
mum cross-sectional area of the torque beam. The forcing system is
equipped with a feedback control network, as described in Ref. 2, to
provide positive amplitude control for testing either dynamically stable
or unstable configurations,

Because of the high stagnation temperatures encountered in Tun-
nel C, the sting assembly is water cooled. The balance is cooled by
air which is directed on the model bulkhead while damping measure-
ments are not being made,

2.3 MODEL

The model, shown in Fig. 2, was supplied by the General Electric
Company and was constructed of stainless steel. Provisions were made
to add ballast fore and aft to locate the model center of gravity exactly
at the balance pivot axis. The model geometry is shown in Fig. 3.

SECTION 1l
PROCEDURE

The motion of the one-degree-of-freedom, forced oscillation sys-
tem may be defined by the equation

[6 - My - Mgf = Tcos a

Damping-in-pitch data were obtained throughout the tests at the
undamped natural frequency of the model balance system, whereby the
inertia term (I16) exactly balances the restoring-moment term (Mg8);
thus, the forcing torque is precisely equal to the damping torque of the
system for constant amplitude motion. The method for computing the
dimensionless damping-in-pitch derivatives for the constant amplitude,
forced oscillation tests is indicated by the following expressions:
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—Méé = T cos ot {(al the undamped natural frequency
of the system)

Mg = —170
Mg,

il

Mg - Mg, (w./ww)

Cro, + Co = Vg, (2V, /g, Ad")

The expression for obtaining the aerodynamic viscous-damping-
moment parameter (Maa) is based on the premise that the structural

damping of a cross-flexure pivot varies inversely with the frequency of
oscillation {Ref. 3).

The change in model oscillation frequency from the wind-off to the
wind-on condition may be used to obtain the static stability derivative
(Cmyg) by the following expressions:

@ Vv =Mp /1
Mg, = Mg ~ Mg,

I

Mg, = Mg [(fy/ 1) =11
Cmg = Ma_7 g,,Ad
SECTION IV

PRECISION OF MEASUREMENTS

The balance was calibrated before and after the tests, and check
calibrations were made before and after each run. In addition, struc-
tural damping values were obtained at vacuum conditions before the tun-
nel entry to evaluate the still air damping contribution. The estimated
maximum deviaiion in Cm, is £0.6 and in Cmq + Cmy is £6. 0.

SECTION V
RESULTS

Figure 4 shows the effect of angle of attack on the damping-in-pitch
derivatives (Cmgq + Cmg) and the static stability derivative (Cmg) at
Mach numbers 6 and 10, The Mach 6 damping data (Fig. 4a) indicate
the model to be stable at all conditions tested and the damping to be a
nonlinear function of angle of attack. The local slope of the pitching-
moment curve (Cmg) at Mach 6 is shown to be a minimum at & = 8 deg
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(Fig. 4a) for Reynolds numbers 0.35 x 106 and 0.73 x 10%. The Mach 10
damping data {Fig. 4b) show the model to be stable at the trim angle

(@ = 0) at all Reynolds numbers tested. Increasing angle of attack (@ =0
to ¢ = 5 deg) decreases stability, and the model is unstable at o = 5 deg
(Reg = 0.34 x 106), The model is stable, however, at angles of attack of

8 deg and above. The data obtained at Req = 0.58 x 108 showed the model
to be unstable at @ =6 deg; however, the level of the instability was not ob-
tained. The local values of Cm, obtained at M, = 10 (Fig. 4b) are essen-
tially invariant with angle of attack except at angles of attack of about 5 or
8 deg (negative damping results} where a higher level of Cm , Was obtained.

The data obtained at @ = 0 are shown in Fig. 5 as a function of Reynolds
number., The damping derivatives are a maximum at a Reynolds number
of about 0.6 x 108 for both Mach numbers tested, and the Mach 10 data are
at a higher level than the Mach 6 data at comparable Reynolds numbers.
The static stability derivative for both Mach numbers decreases with in-
creasing Reynolds number with the Mach 6 data showing a higher level
than the Mach 10 data. '

REFERENCES

1. Test Facilities Handbook (5th Edition). 'von Karman Gas Dynamics
Facility, Vol. 4." Arnold Enginecering Development Center,
July 1963.

2, Welsh, C. J., Hance, Q. P., and Ward, L. K. "A Forced-
Oscillation Balance System for the von Karman Gas Dynamics
Facility 40- by 40-Inch Supersonic Tunnel.'" AEDC-TDR-61-63
(AD 257380), May 1961,

. 3. Welsh, C. J, and Ward, L. K, '"Structural Damping in Dynamic
Stability Testing." AEDC-TR-59-5 (AD208776), February 1959.
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Fig. 1 Small Amplitude ( £3-deg), Farced Oscillation Balance
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Fig. 2 Photograph of the Model
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